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(57) Abstract 



In a process for fabricating planarized thin film metal interconnects (18) for integrated circuit structures, a planarized me- 
tal layer (14) is etched back to the underlying dielectric layer (12) by electropolishing, ion milling or otlier procedure. Eta^poJ. 
ishing reduces processing time from hours to minutes and allows batch processing of multiple wafers (22, 30). The etched back 
planarized thin film interconnect (18) is flush with the dielectric layer (12). 
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PLANARIZED INTERCONNECT ETCHBACK 

The United States Government has rights in this 
invention pursuant to Contract No. W-7405-ENG-48 between 
the U. S. Department of Energy and the University of 
California, for the operation of Lawrence Livermore 
5 National Laboratory. 

BACKGROUND OF THE INVENTION 

The invention relates generally to planarized 
interconnects for integrated circuit structures and more 
particularly to the formation of fully planarized 
interconnects. 

10 U.S. Patents 4.674,176 and 4,681,795 to Tuckerman 

describe thin film metal layer planarization processes for 
multilevel interconnect. In the fabrication of multilevel 
integrated circuit structures, the planarization of each 
metal layer eliminates irregular and discontinuous 

15 conditions between successive layers, particularly where 
vias are located. 
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The metal layer is planarized by heating for a 
brief, controlled time related to the spatial period of 
the features to be planarized. The entire pi anarizati on 
process, for forming the planarized interconnect, includes 

5 forming a thin film metal layer on a dielectric layer, and 
briefly heating the metal layer to produce a flat surface 
on the metal layer* An additional dielectric layer can 
then be deposited and the process repeated as many times 
as necessary to produce the required number of levels. 

10 However, in order to achieve fully planar multilevel 
interconnects, it is still necessary to planarize the 
dielectric layer. 

Thus it is desirable to develop a planarization 
process in which dielectric planarization is unnecessary. 

15 This can be achieved by fabricating planarized metal 

interconnects which are flush with the dielectric layers. 
It is also desirable to develop a process in which further 
processing time is rapid and in which multiple 
interconnects can be processed simultaneously in a batch 

20 process. 

SUMMARY OF THE INVENTION 

Accordingly, It Is an object of the Invention to 
provide an improved method of forming a thin film 
planarized metal interconnect which does not require any 
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dielectric planarization. 

It is also an object of the invention to provide 
an improved planarization process which is very rapid and 
can process multiple wafers simultaneously. 

5 It is another object of the invention to provide 

an improved thin film planarized metal interconnect. 

It is a further object of the invention to 
provide an Improved thin film planarized metal 
interconnect which is flush with the surrounding ' 

10 dielectric layer. 

The invention is a method of fabricating 
planarized thin film metal interconnects in which the 
planarized metal layer is etched back to the surrounding 
dielectric layer, preferably by electropolishing; the 

15 invention also includes the resulting etched back 

planarized interconnect, A dielectric layer is first 
patterned or etched to form either a trench for the metal 
interconnect or a via to an underlying metal layer or a 
combination of a trench and a via, and then metallized or 

20 coated with an adhesion layer (if necessary) and a metal 
- layer which, to some extent, follows the surface contours 
of the etched dielectric layer. The metal layer is then 
planarized to form a metal layer with a substantially flat 
surface which fills the trench and extends over the 

25 dielectric layer. The flat metal layer is then etched 
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back to the level of the dielectric layer by 
electropolishing or ion milling or other etchback 
techniques, leaving a metal interconnect with a flat 
surface filling the trench or via and flush with the 

5 dielectric surface. The electropolishing can be carried 
out rapidly in a batch process in which a plurality of 
wafers on which planarized metal layers have been formed 
are electrically connected to a voltage source and placed 
in an electropolishing solution. In addition to 

10 performing the etchback, the electropolishing may also 
further planarize the metal layer. The etchback can be 
performed in minutes by electropolishing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Figures 1A-D illustrate a process for forming a 
15 planarized metal layer for an interconnect, including 
etching back the planarized layer. 

Figure 2 is a perspective cutaway view of a 
planarized etched back interconnect structure formed with 
trenches, vias, and combinations thereof. 
20 Figure 3 illustrates an electropolishing 

apparatus for performing etchback of wafers with 
planarized metal layers. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A method for fabricating planarlzed thin film 
metal interconnects for integrated circuits, and the 
resulting structures, is illustrated in Figures 1A-D. A 
trench or via 10 is etched or otherwise formed in a 

5 dielectric layer 12, typically made of Si0 2 , of a 
circuit structure, at the location where a metal 
interconnect is to be formed* The etched or patterned 
dielectric layer 12, including trench TO, is then coated 
by conventional methods such as sputtering or 

10 electroplating with an adhesion layer 15 (if necessary), 
followed by a metal layer 14 which substantially follows 
the surface contours of the etched dielectric layer and 
fills the trench. The metal layer is typically about 1 to 
5 microns thick and made of gold, copper, silver, or 

15 aluminum. The adhesion layer Is typically titanium or 
chromium. Metal layer 14 is then planarlzed, e.g. by 
pulsed laser pulses, to form a substantially flat metal 
layer 16 which completely fills the trench and extends 
over the dielectric layer. The planartzation step is 

20 performed by controlled heating and melting of the metal 
layer, using lasers or other pulsed energy sources, for. a 
time related to the spatial period of the features being 
planarlzed, as further described to U.S. Patents 4,674,176 
and 4,681,795, which are herein incorporated by reference. 
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In order to remove the metal above the dielectric 
layer so that the metal Interconnect is flush with the 
surface of the dielectric layer, the planarized metal 
layer 16 is etched back to the dielectric layer to form an 

5 etched back thin film metal interconnect 18. In a 

preferred embodiment of the Invention, the etchback is 
performed by electropolishing. The metal layer to be 
etched back is made the anode in an electric circuit. The 
metal is placed in an electrolytic bath and an electric 

10 current is run through the bath to cause anodic 

dissolution of the metal layer. The etchback step can 
also be performed by ion milling or other processes. 
However, the ion milling etchback step is very time 
consuming, often greater than one hour per wafer. Also 

15 only one wafer can generally be processed at a time by ion 
milling. 

To form multilevel Interconnects, an additional, 
layer of dielectric is formed over the structure of Figure 
10 and the process is repeated. 

20 Although the invention has been described with 

respect to planarizing and etching back a metal 
interconnect in a trench formed fn a dielectric layer, the 
invention is also applicable to the formation of 
Interconnects through vias (holes) extending through a * 

25 dielectric layer to an underlying metal layer, or to a 
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combination of a trench with vlas extending therefrom to 
an underlying metal layer. In each case, the dielectric 
layer Is first patterned with the appropriate trenches, 
vias, or combinations thereof; the patterned dielectric 

5 layer is then metallized, planarized, and etched back to 
form the interconnect. 

The various types of interconnect structures are 
Illustrated in Figure 2. A trench 33 is formed in a 
dielectric layer 34. Dielectric layer 34, including 

10 trench 33, are then coated with metal, which is then 

planarized and etched back to the surface 36 of dielectric 
layer 34, forming a metal interconnect 32 in trench 33 
which 1s flush with the surface 36 of dielectric layer 
34. An additional dielectric layer 38 is formed on layer 

15 34 and vias 40, 42 are formed through dielectric layer 38 
to underlying metal interconnect 32; the dielectric layer 
38, including vias 40, 42, are then metallized. The 
metallization is planarized and etched back to the surface 
44 of dielectric layer 38, forming solid plugs of metal 

20 41, 43, respectively, within vias 40, 42 which are flush 
with the surface 44. Another dielectric layer 46 with a 
trench 49 is formed on dielectric layer 38, and a metal 
layer is deposited, planarized, and etched back to form an 
interconnect 48 in trench 49 which is flush with the 

25 surface 50 and which contacts plugs 41, 43 In vias 40, 42. 
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Dielectric layers 38 t 46 may be formed as a single layer 
on dielectric layer 34, and the single layer patterned 
with a trench 49 extending partly though the single 
dielectric layer (corresponding to upper layer 46) and 
5 with vias 40, 42 from the trench 49 to the underlying 

metal interconnect 32. The combination trench and vias 
are then metallized in a single operation, and the metal 
interconnect is planarized and etched back to upper 
surface 50. 

10 An electropol ishing apparatus 20 for carrying out 

the etchback of planarized metal layers on wafers in a 
batch process is illustrated in Figure 3. A plurality of 
wafers 22 are placed in a tank 24 filled with 
electroplating solution (electrolyte) 26 and connected to 

15 the positive terminal (anode) of an applied DC voltage 
source 23 while electrodes 30, which resist chemical 
interaction with the electrolyte, e.g. carbon, are 
connected to the negative terminals. The electrolyte is 
often an acid. Source 28 produces the required current 

20 density for the particular metal. Gold, silver, copper 
and aluminum can all be electropol ished. The 
electropolishtng performs not only the etchback step but 
in some cases may further planarize the metal layer if the 
initial pi anari zation was incomplete/ The operator halts 

25 the electropol Ishing as soon as the metal is removed from 
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the main (non-trenched) areas of the dielectric layers, 
leaving only an adhesion layer (if present) on the main 
areas. This adhesion layer may be removed by wet chemical 
etching. The remaining metal interconnect is in the 

5 trenches and is flush with the dielectric surface. 

Planarization Is desirable to form thick 
multilevel metal interconnects of high integrity. 
Performing the etchback by el ectropoli shi ng reduces 
processing time from hours to minutes. 

10 Changes and modifications in the specifically 

described embodiments can be carried out without departing 
from the scope of the invention which is intended to be 
limited only by the scope of the appended claims. 
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CLAIMS 

1. Method of forming a planarized thin film 
metal interconnect* in a dielectric layer on an integrated 
circuit wafer, comprising: 

forming a trench or via in the dielectric layer 
5 for the metal interconnect; 

depositing a metal layer on the dielectric layer; 
planarizing the metal layer to form a metal layer 
with a substantially flat surface which fills the trench 
or via and extends over the surrounding dielectric layer; 
10 etching back the flat metal layer to the 

dielectric layer. 

2. The method of Claim 1 wherein the metal is 
etched back by electropolishing. 

3. The method of Claim 1 wherein the metal Is 
etched back by ion milling* 
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4. The method of Claim T wherein the trench or 
via is formed in the dielectric layer by etching. 



planariiation of the metal layer 1s performed by 
controlled heating and melting of the metal layer for a 
time related to the spatial period of the features being 



6. The method of Claim 5 wherein the controlled 
heating and melting 1s performed by applying pulsed energy 
to the metal layer. 

7. The method of Claim 6 comprising applying 
laser pulses. 

8. The method of Claim 1 further comprising 
forming the metal layer of gold, silver, copper, or 
aluminum. 



5. 



The method of Claim 1 wherein the 



5 



pi anarized. 



9. 



The method 



of Claim 1 further comprising. 



forming the metal layer 



with a thickness in the range of 



about 1 to 5 microns. 



WO 90/00476 



PCT/US89/02929 



-12- 

10. The method of Claim 2 wherein the etching 
back by electropolishing 1s performed by: 

connecting the wafer to the anode of a DC voltage 

source; 

5 placing the wafer in an electrolyte; 

flowing a DC current of sufficient current 
density through the wafer. 

11. The method of Claim 2 further comprising 
performing the etching back by electropolishing on a 
plurality of wafers simultaneously. 

12. The method of Claim 1 further comprising 
forming an additional dielectric layer over the etched 
back metal interconnect and repeating the steps of forming 
a trench or via, depositing a metal layer, planarizing the 

5 metal layer and etching back the metal layer to form a 
mul ti level interconnect. 

13. The method of Claim 12 wherein the metal 
layer is etched back by el ectropol ishlng* 

14. The method of Claim 12 wherein the metal 
layer is etched back by ion milling. 
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15. In an integrated circuit structure, a metal 
interconnect comprising an etched back planarized thin 
film metal interconnect formed in a dielectric layer of 
the circuit structure and having a planarized flat surface 

5 which 1s flush with the dielectric layer. 

16. The etched back metal interconnect of Claim 
15 wherein the metal interconnect is formed of gold, 
copper, silver, or aluminum. 

17. The etched back metal interconnect of Claim 
15 wherein the metal interconnect has a thickness of about 
1-5 microns. 

18. The etched back metal interconnect of Claim 
15 arranged in a multilevel interconnect. 
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